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se
 e
s
ti
m
at
es
 i
rp
ac
t 
o
th
er
 e
le
m
en
ts
 o
f 
th
e 
o
pt
im
al
 p
il
o
t 
;a
d
el
, 
in
cl
ud
in
g 
th
e 
c
o
v
a
ri
an
ce
 p
ro
pa
ga
ti
on
 a
n
d 
o
p
ti
u
l 
a
tt
e
n
ti
o
n
 a
ll
o
ca
ti
o
n
 a
lg
or
it
hm
s.
 
Th
us
 t
h
e 
e
n
ti
re
 s
pe
ct
ru
m
 o
f 
pe
rf
or
m
an
ce
 
pr
ed
ic
ti
on
s 
ge
ne
ra
te
d 
by
 
th
e 
o
pt
im
al
 p
ll
L
c 
w
d
el
 d
ep
en
d 
u
p
w
 t
he
 c
o
n
tr
o
l 
fr
eq
ue
nc
y 
re
s
po
ns
e 
s
pe
ci
fi
ca
ti
on
. 
T
he
 u
ti
li
ty
 o
f 
th
e 
o
pt
im
al
 p
il
o
t 
w
d
el
 d
ep
en
ds
, 
fo
r 
lu
ry
 a
pp
li
ca
ti
on
s.
 
o
n
 
it
s 
pr
ed
ic
ti
ve
 a
n
d 
a
da
pt
iv
e 
c
a
p
ab
il
it
ie
s.
 
T
he
 c
a
pa
bi
li
ty
 t
o
 p
re
di
ct
 
p
il
o
t 
c
o
n
tr
o
l 
fr
eq
ue
nc
y 
re
s
po
ns
e 
r
e
fl
ec
ti
v
e 
o
f 
im
po
rt
an
t 
~
n
n
c
d
 
a
ir
cr
af
t 
s
ys
te
m
 p
ro
pe
rt
ie
s.
 
a
n
d 
c
o
n
s
is
te
nt
 w
it
h 
th
e 
o
th
er
 l
od
e1
 p
er
fo
rm
an
ce
 
pr
ed
ic
ti
on
s,
 w
o
u
ld
 
th
us
 g
re
at
ly
 e
n
ha
nc
e 
th
e 
u
ti
li
ty
 o
f 
th
e 
&
el
. 
O
P
T
W
 CO
NT
RO
L 
FB
IiQ
UP
UW
CY
 E
SP
O
N
SE
 
It
 
is
 h
yp
ot
he
si
ze
d 
th
at
 t
he
 h
um
nn
 o
pe
ra
to
r 
v
il
l 
a
da
pt
 h
is
 c
o
n
tr
o
l 
fr
eq
ue
nc
y 
re
s
po
us
e 
L
O
 
c
o
n
tr
o
l 
a
 
dy
na
m
ic
, 
s
to
c
ha
st
ic
 s
ys
te
m
 c
p
tl
.a
ll
y
 
s
u
bj
ec
t 
to
 h
is
 i
nh
er
en
t 
li
m
it
at
io
ns
. 
T
he
se
 l
im
it
at
io
n
s 
in
cl
ud
e 
"
n
e
u
ro
- 
u
a
c
u
la
r 
la
gs
" 
to
 r
e
pr
es
en
t 
n
e
u
ro
pu
sc
ul
ar
 d
yn
am
ic
s.
 
T
hi
s 
hy
po
th
es
is
 
is
 a
 
s
im
pl
e 
e
x
te
n
si
on
 o
f 
th
e 
fo
rm
sl
at
io
n 
o
f 
th
e 
o
p
ti
u
rl
 p
il
o
t 
m
d
rl
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0] 
a
s
 w
e
ll
 a
s
 r
e
c
e
n
t 
d
ev
el
o
p
~
m
ts
 sb
 !
I 
a
s
 o
p
ti
u
l 
s
tt
e
n
ti
o
n
 a
lL
oc
r-
 
ti
o
n
 1
30
,3
21
. 
It
 i
s 
fu
rt
he
rm
or
e 
hy
po
th
es
iz
ed
 t
h
at
 t
he
 c
o
n
tr
o
l 
fr
eg
w
n
cy
 r
e
s
po
ns
e 
m
in
im
iz
es
 t
he
 s
a
m
e
 
qu
ad
ra
ti
c 
c
o
s
t 
fu
nc
ti
on
 f
ro
m
 v
hi
ch
 t
h
e 
o
p
t
h
l
 p
il
o
t 
n
o
de
1 
is
 d
ev
el
op
ed
: 
T
hu
s 
it
 i
s 
r
e
qu
ir
ed
 t
o
 d
et
er
m
in
e 
th
e 
c
u
to
ff
 
fr
eq
ue
rc
ie
s 
w
c 
.
 
1-
1.
 
i 
.
.
.
,
 
n
c
, 
w
hi
ch
 m
in
im
iz
e 
th
e 
c
o
s
t 
fu
nc
ti
on
al
. 
Th
e 
c
u
to
ff
 f
re
qu
en
ci
es
 
a
r
e
 b
ou
nd
ed
 
s
u
c
h 
th
at
 
0 
5 
w
 
i
 w
 
,
 
i-
1
. 
.
.
.
.
 
n
 
(1
2)
 
'
i 
Ni
 
w
he
re
 w
 
I 
0 
by
 
d
ef
in
it
io
n
 a
n
d 
w
 
is
 t
h
e 
hu
m
an
 o
pe
ra
to
r'
s 
n
e
u
ro
- 
C
i 
N
i 
m
u
s
c
u
la
r 
fr
eq
ue
nc
y 
li
m
it
 f
or
 t
h
e 
it
h
 c
o
n
tr
o
l 
in
pu
t.
 
OP
TI
M
AL
 C
ON
TR
OL
 
FR
EQ
UE
NC
Y 
RE
SP
ON
SE
 A
LG
OR
IT
HM
 
Q
ua
dr
at
ic
 C
os
t 
F
un
ct
io
na
l 
13
31
 
Th
e 
c
o
s
t 
fu
nc
ti
on
al
 J
 c
a
n
 
be
 r
e
w
r
it
te
n 
in
 t
he
 s
te
ad
y 
s
ta
te
 a
s
 
T
hi
s 
m
ay
 
be
 f
u
rt
h
er
 r
e
w
r
it
te
n
 a
s
 
T
he
 c
o
n
tr
o
l 
a
te
, 
fi
(t
),
 m
ay
 b
e 
a
pp
ro
xi
m
at
ed
 b
y 
th
e 
p
il
o
t'
s 
a
m
 
e
s
ti
m
at
e 
o
f 
&
(t
).
 
NI
 
e
 
th
at
 t
h
e 
a
c
tu
a
l 
&
(t
) 
is
 m
o
de
le
d 
to
 c
o
n
ta
in
 w
h-
te
 m
to
r
 
n
o
is
es
. 
T
hu
s 
w
he
re
 u
 
(t
) 
is
 t
h
e 
e
r
r
o
r
 
(g
(t
) 
-
 
t(
t)
).
 
Si
nc
e 
2Jt
) 
a
n
d 
u
 
(t
) 
a
r
e
 
~
n
c
o
r
r
&
te
d 
fo
r 
li
n
ea
r 
o
p
ti
ea
l 
e
s
ti
m
at
io
n
, 
-
e
 
w
he
re
 E
 
.
 
E 
a
n
d 
X 
a
r
e
 
th
e 
fi
lt
er
in
y
: 
e
r
r
o
r
, 
pr
ed
ic
ti
on
 e
r
r
o
r
 a
n
d 
a
u
gm
en
t6
d 
a
ga
te
 e
s
ti
m
at
e 
c
o
v
a
i-
ie
nc
e 
m
a
tr
ic
es
, 
r
e
s
p
x
ri
v
el
y
. 
m
e
 c
o
s
t 
fu
nc
ti
on
 J
 
c
a
n
 
th
er
ef
o
re
 b
e 
gi
ve
n 
by
 
C
rd
di
en
t 
E
xp
re
ss
io
ns
 
It
 
is
 a
pp
ar
en
t 
fr
om
 e
qu
at
io
n 
(1
8)
 a
n
d 
e
qu
at
io
ns
 (
4)
 t
hr
ou
gh
 
(1
0)
 
c
ha
t 
th
e 
c
o
s
t 
fu
n
c
ti
o
~
l J 
ha
s 
a
 
v
e
ry
 c
o
m
pl
ex
 a
n
d 
in
di
re
ct
 r
e
la
ti
o
n
sh
ip
 
to
 t
h
e 
c
o
n
tr
o
l 
c
u
to
ff
 f
re
qu
en
ci
es
 w
 
.
 i
ll
, 
.
.
.
 ,
 
n
c
. 
Si
nc
e 
it
 i
s 
i 
u
n
li
ke
ly
 t
h
at
 a
 
c
lo
se
d-
fo
rm
 
s
o
lu
ti
o
n
 f
o
r 
th
e 
o
pt
im
al
 c
o
n
tr
o
l 
c
u
to
ff
 
fr
eq
ue
nc
ie
s 
c
a
n
 
be
 f
ou
nd
, 
th
e 
o
pt
im
tz
at
io
n 
pr
oc
es
s 
w
il
l 
be
 p
e
rf
o
rr
d
 
v
ia
 a
 
gr
ad
ie
nt
 a
lg
or
it
hm
 s
im
il
ar
 t
o
 t
h
at
 d
ev
el
op
ed
 b
y 
K
le
ir
w
n
 (
32
).
 
E
xp
re
ss
io
ns
 w
il
l 
be
 d
e
v
e
l~
e
d
 fo
r 
th
e 
gr
ad
ie
nt
 v
e
c
to
r 
th
at
 w
il
l 
be
 u
s
e
d 
in
 t
he
 s
u
bs
eq
ue
nt
 o
pt
im
iz
at
io
n 
a
lg
or
it
hm
. 
Si
nc
e 
th
e 
n
u
m
be
r 
o
f 
c
o
n
tr
o
ls
 i
s 
u
s
u
a
ll
y 
s
m
a
ll
, 
th
is
 g
ra
di
en
t 
v
e
c
to
r 
c
a
n
 
be
 e
v
a
lu
at
ed
 n
u
m
e
ri
ca
ll
y 
w
it
ho
ut
 
in
cu
rr
in
g 
e
x
c
e
s
s
iv
e 
w
m
pu
ta
ti
on
sl
 
c
o
s
t.
 
T
hi
s 
is
 a
c
c
o
m
pl
is
he
d 
by
 m
o
di
fy
in
g 
th
e 
gr
ad
ie
nt
 g
 
w
he
ne
ve
r 
C
 
th
en
 
gw
 
>
O
 
a
n
d 
6
.
o
 
i
O
 
C
i 
C
i 
Th
us
, 
e
a
c
h 
s
u
c
c
e
u
i
~
 
it
er
at
io
n
 r
il
l 
r
e
a
u
lt
 i
n 
a
 
lo
w
er
 c
o
s
t 
o
f 
IW
E
X
 
if
 c
 
is
 s
u
ff
ic
ie
n
tl
y
 -
11
. 
A 
s
te
p
 s
iz
e 
o
f 
th
e 
fo
ra
 
w
he
re
 5
 
is
 s
o
m
e
 
-
11
 
fr
eq
ue
nc
y.
 
S
in
ce
 w
v
in
g
 i
n
 a
 
d
ir
ec
ti
o
n
 o
pp
os
it
e 
to
 t
.h
e 
gr
ad
ie
nt
 w
o
u
ld
 r
e
s
u
lt
 i
n
 e
it
h
er
 a
 
n
e
ga
ti
ve
 o
r
 a
 
ph
ys
ic
al
ly
 
u
n
a
tt
a
in
ab
le
 c
o
n
tr
o
l 
c
u
to
ff
 
fr
eq
ue
nc
y,
 
th
e 
o
n
ly
 f
ea
si
b
le
 d
ir
ec
ti
o
n
 
.
 
is
 g
iv
en
 b
y 
g 
-
 
0.
 
17
ru
s 
w
 
re
m
a
in
s 
fi
xe
d 
fo
r 
th
e 
n
e
x
t 
it
er
st
lo
o
. 
C
. 
C
i 
w
il
l 
re
du
ce
 t
he
 r
te
p
 s
iz
e 
w
he
n 
n
e
u
 t
he
 o
p
tC
u
 a
d
 s
ti
ll
 s
a
ti
sf
y
 
th
e 
c
o
n
s
tr
a
in
ts
 i
f 
c 
is
 s
u
ff
ic
ie
n
tl
y
 d
l
 
m
 
th
at
 
T
he
 r
e
s
u
lt
in
g
 g
la
dl
en
t 
v
e
c
ta
r 
is
 g
iv
en
 b
y 
g: 
.
 t
he
 p
ro
je
ct
ed
 g
ra
di
en
t 
v
e
c
to
r.
 
c
 
C
on
tr
ol
 F
re
qu
en
cy
 R
es
po
ns
e 
O
pt
im
iz
at
io
n 
T
hi
s 
c
a
n
 b
e 
a
s
s
u
re
d 
by
 &
fi
ni
ng
 
cw
 
to
 b
e 
th
e 
g
re
at
es
t 
v
d
u
c
 l
e
ss
 t
b
n
 
u
n
it
y 
f9
r 
w
hi
ch
 
T
he
 o
p
ti
d
ra
ti
o
n
 s
c
he
m
e 
to
 m
in
im
iz
e 
th
e 
qu
ad
ra
ti
c 
c
o
s
t 
fu
nc
ti
on
al
 
J 
is
 d
ev
el
op
ed
 a
s
 
fo
ll
ow
s.
 
A 
9-
11
 
c
ha
ng
e 
in
 t
h
e 
c
o
n
tr
o
l 
c
u
to
ff
 
fr
eq
ue
nc
y 
v
e
c
to
r 
a
lo
nu
 t
h
e 
pr
oj
ec
te
d 
gr
ad
ie
nt
 v
e
c
to
r 
s
u
c
h 
th
at
 
0
) 
fo
r 
a
ll
 i
, 
il
l,
 .
.
.
.
 
n
 
.
 
If
 t
h
e 
s
te
p
 s
iz
e 
c
n
u
e
s
 a
n
 i
nc
re
am
 i
n
 J
. 
a
 
-
li
ar
 
s
te
p
 s
iz
e 
c
d
 b
 t
a
h
 by
 r
e
du
cl
le
g 
6.
 
C
oa
ve
rg
em
ce
 o
c
c
u
r
s
 
w
he
n 
J(
k+
l) 
is
 s
u
ff
ic
im
tl
y
 c
lo
se
 t
o
 J
(k
). 
M
ot
e 
th
st
 u
 
(k
+1
) 
w
il
l 
c
o
n
ti
nu
e 
to
 s
a
ti
sf
y
 t
ho
 c
o
a
s
tr
a
in
ts
 *
sa
d 
oa
 m
 
(k
). 
ft
 is
 o
n
ly
 
r
e
qu
ir
ed
 t
h
at
 t
he
 w
e
t 
s
u
pp
li
ed
 i
rr
it
ia
l 
e
s
ti
u
te
cs
at
is
fy
 
th
e 
c
o
n
s
tr
a
in
ts
. 
i 
w
il
l 
s
ti
ll
 s
a
ti
sf
y
 t
he
 c
o
n
s
tr
a
in
ts
 a
n
d 
w
il
l 
c
a
u
s
e
 
a
 
s
m
a
ll
 c
ha
ng
e 
in
 
J(k
), 
If
 A
oc
(k
) 
is
 s
e
le
ct
ed
 a
s
 
€
 
J(
k)
 g
; 
dw
c(k
) 
-
 
-
 
=- 
.
€
<
I
 
II
 8: 
112
 
c
 
T
he
 o
p
ti
v
l 
c
o
n
tr
o
l 
fr
eq
ue
nc
y 
re
s
po
ns
e 
gr
ad
ie
nt
 a
lg
o
ri
tb
. 
e
a
r
c
ls
e
s 
-
fo
r 
bl
oc
ks
 o
f 
th
e 
b
as
ic
 o
pt
im
al
 p
il
o
t 
6
1
.
 S
ev
er
al
 c
o
~
id
e
ra
ti
o
n
s 
a
ll
m
 f
o
r 
e
ff
ic
ie
n
t 
e
x
e
c
u
ti
on
 o
f 
th
is
 a
lg
or
ith
m
. 
Th
e 
a
lg
o
rf
tb
 re
q
u
ir
es
 
n
 
(u
su
al
ly
 o
n
ly
 m
a
 o
r
 t
w
) 
a
t
t
u
b
a
 t
o
 a
 c
o
n
tr
o
l 
fr
rq
rp
m
 ra
sp
0o
.e
 
&
la
ti
on
 
e
16
or
it
im
 
13
11
 t
o
 d
et
er
m
in
e 
th
e 
tr
a
m
sf
om
st
io
n 
n
tr
ir
 F
. 
A
 
fr
eq
ue
nc
y 
s
te
p 
s
iz
e 
o
f 
.
5 
r
a
di
an
sl
se
cc
nd
 i
s 
r
e
c
o
m
m
e
n
de
d 
to
 
id
en
ti
fy
 
a
pp
ro
pr
ia
te
 c
o
n
tr
ol
 r
a
te
 p
en
al
ty
 m
a
tr
ix
 s
te
p 
s
iz
es
 f
or
 t
he
 s
u
bs
eq
ue
nt
 
de
te
rm
in
at
io
n 
o
f 
th
e 
gr
ad
ie
nt
 L
J.. 
Th
is
 g
ra
di
en
t 
r
e
qu
ir
es
 n
c
 c
o
n
tr
ol
 
2 r
 
s
o
lu
ti
on
s 
w
it
h 
th
e 
s
pe
ci
fi
ed
 c
o
n
tr
ol
 r
a
te
 p
en
al
ty
 m
a
tr
ix
 s
te
ps
, 
a
s
 
w
e
ll
 a
s
 n
 
pe
rf
or
ma
nc
e 
a
n
d 
to
ta
l 
c
o
s
t 
pr
ed
ic
ti
on
s.
 
It
 h
as
 b
ee
n 
fo
un
d 
s
u
it
ab
le
 '
fo
r 
th
es
e 
c
o
m
pu
ta
ti
on
s 
to
 m
a
in
ta
in
 c
o
n
s
ta
nt
 a
tt
en
ti
on
 a
ll
oc
a-
 
ti
on
, 
th
us
 s
ig
ni
fi
ca
nt
ly
 r
e
du
ci
ng
 t
he
 c
o
m
pu
ta
ti
on
 t
im
e 
w
hi
ch
 w
o
u
ld
 
be
 r
e
qu
ir
ed
 b
y 
an
 o
pt
im
al
 
r
te
nt
io
n 
a
ll
oc
at
io
n 
a
lg
or
it
hm
. 
Th
e 
o
p
t
im
l 
c
o
n
tr
ol
 f
re
qu
en
cy
 r
e
s
po
ns
e 
c
pt
im
iz
ar
io
n 
a
lg
or
it
hm
 f
or
ms
 
a
n
 
o
u
te
r 
lo
op
 a
bo
ut
 t
he
 b
as
ic
 o
pt
im
al
 p
il
ot
 m
o
de
l.
 
A 
c
o
m
pl
et
e 
pi
lo
t 
m
o
de
l 
s
o
lu
ti
on
, 
in
cl
ud
in
g 
a
tt
en
ti
on
 a
ll
oc
at
io
n 
o
pt
im
iz
at
io
n.
 
is
 r
e
qu
ir
ed
 
fo
r 
e
a
c
h 
s
te
p.
 
Ho
we
ve
r,
 c
o
n
v
e
r
ge
nc
e 
is
 u
s
u
a
ll
y 
a
c
hi
ev
ed
 i
n 
o
n
ly
 o
n
e
 
to
 
fi
ve
 s
te
ps
. 
T
he
 c
o
m
pu
ta
ti
on
s 
r
e
qu
ir
ed
 b
y 
bo
ch
 a
lg
or
it
hm
s 
c
a
n
 
be
 p
er
fo
rm
ed
 b
y 
a
 
s
in
gl
e 
s
u
br
ou
ti
ne
. 
A 
fl
ow
 c
ha
rt
 o
f 
th
e 
c
o
m
pu
ta
ti
on
s 
r
e
qu
ir
ed
 i
s 
pr
e-
 
s
e
n
te
d 
in
 F
ig
ur
e 
2.
 
AP
PL
IC
AT
IO
N 
TO
 A
N 
AT
TI
TU
DE
 H
OL
D 
TA
SK
 
T
he
 o
pt
im
al
 c
o
n
tc
ol
 f
re
qu
en
cy
 r
e
s
po
ns
e 
s
c
he
me
 i
s 
a
pp
li
ed
 t
o 
a
n
 
2t
ti
tu
de
 h
ol
d 
ta
sk
 f
or
 a
 
ba
re
 a
ir
fr
aa
e 
fi
gh
te
r 
a
ir
cr
af
t 
c
a
n
e
.
 
An
 a
tt
rt
ud
e 
ho
ld
 
ta
sk
 f
or
 a
 
ba
re
 a
ir
fr
am
e 
pr
ov
id
es
 a
 
s
im
pl
e 
e
x
a
m
pl
e 
w
hi
ch
 c
a
n
 
be
 e
a
s
il
y 
du
pl
ic
at
ed
 f
or
 f
ur
th
er
 r
e
s
e
a
r
c
h 
in
 t
hi
a 
a
r
e
a
.
 
Th
e 
ba
re
 a
ir
fr
am
e 
fi
gh
te
r 
a
ir
cr
af
t 
c
a
s
e
 
s
e
le
ct
ed
 h
as
 u
n
s
ta
bl
e 
lo
ng
i-
 
tu
di
na
l 
dy
na
mi
cs
 a
n
d 
m
o
r
e
 
c
o
n
v
e
n
ti
on
al
 l
at
er
al
 d
yn
am
ic
s,
 w
hi
ch
 w
il
l 
be
 u
s
e
fu
l 
fo
r 
th
e 
il
lu
st
ra
ti
on
 o
f 
ba
si
c 
pr
op
er
ti
es
 o
f 
th
e 
o
pt
im
al
 
c
o
n
tr
ol
 f
re
qu
en
cy
 r
e
s
po
ns
e 
s
c
he
me
. 
Ai
rc
ra
ft
 S
ys
te
m 
Th
e 
fi
gh
te
r 
a
ir
cr
af
t 
c
a
s
e
 i
nv
ol
ve
s 
s
tr
ai
gh
t 
e
n
d 
le
ve
l 
fl
ig
ht
 a
t 
a
n
 
a
lt
it
ud
e 
o
f 
3,
04
8 
m
e
te
rs
 
(1
0,
00
0 
fe
et
) 
a
t 
a
n
 a
ir
sp
ee
d 
o
f 
26
2 
m
e
te
rs
/s
ec
on
d 
(8
62
 f
ee
tl
se
co
nd
).
 
Th
e 
a
ir
fr
am
e 
dy
na
mi
cs
 f
or
 t
hi
s 
c
a
s
e
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CONTROLS 
OPTIML COKTROL 
NEUROMlSCULAR CONTROL COmOL RATE COmROL FORCE SURFACE S F  
CONTROLLER FREQUENCY FREQUENCY PENALTY (RINV) !4TD DEVIATION DEVIATION 
PITCH STICK 10.MH)OOO 10.314665 9.8533666 .31868657 .31868657 
OBSERVED QUANTITIES 
OPTIIUL 
OBSERVED TASK PERCEPTUAL lh'l, 1 F FERENCE ATTENTION STANDARD 
Q U ~ I ~  UNITS VECTOR THRESHOLD I'HKtSHnLD ALLOCATION DEVIATION 
PITCH ANGLE DEC .10000000E-01 .80000000 .8OOW@OO .30604225E-01 4.7593264 
PITCH RATE DECISEC .100n0000E-02 1.6000000 1.6~00000 .30604225E-01 1.9888165 
VERTICAL VELOCITY ZTISEC .10000000E-01 .27000000 .270M)000 .36939577 10.666126 
VERTICALACCEL M/SEC**2 .10000000E-02 .!A000000 ,54000000 .36939577 26.346301 
FIGURE 3. OPTIMAL PILOT WDEL PERFORWNCE PREDICTIONS POR 
LONGITUDINAL F-16 BARE AIRFRAME ATTITUDE HOLD TASK (2 of 2)  
CASE DESCRIPTIOll 
LATERAL DYNAMICS. BARE AIRFRAME. b.8 
PRECISION CONTROL WITH ROLL STICK AND PEDALS 
LATERAL DYNAMICS 
ALTITUDE - 1.0000WE+04 FEET 
NOMINAL ATQSPEED 0 8.6169338+02 FEETISECOND 
NOMINAL ANGLE OF ATTACK - 1.528500E+00 DECREES 
TURBULENCE CONDITIONS 
SIC U GUST - 5.000000E+00 FEETISECOND 
SIC V GUST - 5.000000C+00 FEETISECOND 
SIC W GUST - 5.000000E+00 FEPT/SECOND 
AIRFUME EICENVALUES 
(0. )+J(O.) 
(-2.5341997)+5(0) 
(- .18760888E-01)+J (0) 
(-. 25919919)+J(3.62908U) 
(-. 25919919)+J(-3.6290849) 
PILOT UODEL PARAMETERS 
TOTAL ATTENTION ALLOCATION TO PRIMARY PLIGHT TASK (ATTN) - .400000E+00 
PURE TIUE DELAY (TAU) - .200000E+M) SECONDS 
UOTOR NOISE TO SIGNAL RATIO (RI) 3.000000E-03 
UUSOREUENT NOISE TO SIGNAL RATIO (PY) 1.0000003-02 
TOTAL COST (COST) - 1.8023678-01 
FIGURE 4. OPTIFIAI, PILOT MODEL PERFORIIANCE PREDICTIONS FOR LATERAL 
F-16 BARE AIRFRAME ATTITUDE HOLD 'CASK (1 of 2) 
CONTROL: 
CONTROLLER 
ROLL STICK 
PEDALS 
OPTIMAL 
NEUROWSCULAR CONTROL CONTROL RATE CONTROL FORCE CONTROL SURFACE 
FREQUENCY FREQUENCY PENALTY (RINV) STD DEVIATION STD DEVIATION 
OBSERVED QUANTITIES 
OBSERVED 
OPTIUAL 
TASK PERCEPTUAL INDIFFERENCE ATTENTION STANDARD 
QUANTITY UNITS VECTOR THRESHOLD THRESHOLD ALLOCATION DEVIATION 
ROLL ANGLE DEC .10000000E-01 .90000000 ,90000000 ,30351583 3.1144329 
ROLL RATE DECISEC .10000000E-02 1.8MH)OOO 1.8000OOO .30351583 7.8006640 
YAW ANGLE DEG .10000M)OE-01 .90000000 .90000000 .96484172E-01 .a2409736 
YAW RATE DEGlSEC .10000000E-02 1.8000000 1.8000000 .96484172E-01 1.6599728 
FIGURE 4. OPTIMAL PILOT WDEL PERFORHANCE PREDICTIONS FOR UTERAL 
F-16 BARE AIM ATTITUDE HOLD TASK (2 of 2) 
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